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DIRECT  MEASUREMENTS  OF  ELECTRON  DENSITY,  '  ’  t  i  ^n/  _ 

TEMPERATURE  AND  ION  COMPOSITION  IN  AN  •!-:>!  1 7  Codes 

EQUATORIAL  SPREAD-F  IONOSPHERE  d/or 

I.  INTRODUCTION 

Accumulated  information  regarding  equatorial  s p read- F 

has  pointed  toward  a  definite  causal  relationship  between 

large  scale  plasma  depletions  (also  referred  to  as  holes,  bite- 

outs  or  bubbles)  and  observations  of  large  ionospheric  domains 

with  radar  backscatter  returns  from  the  much  smaller  (meter 

size)  irregularities  called  plumes.  While  there  have  been  a 

1-3 

number  of  rocket  efforts  to  examine  the  exact  relationship  between 

radar  plumes  and  ionospheric  electron  density  depletions,  only 

3 

the  recently  conducted  Kwajalein  campaign  included  direct 
measurements  of  ion  composition. . .an  important  signature  in  the 
growth  and  transport  mechanisms  that  appear  to  be  active  during 
the  occurrence  of  spread-F. 

Before  the  Kwajalein  campaign,  knowledge  of  ion 
composition  within  and  around  depletions  had  come  only 

from  satellite  investigations.  Typically,  satellite 

4-6 

mass  s pec t rome trie  observations  have  shown  that  the  ion  composi¬ 
tion  can  be  vastly  different  inside  and  outside  the  bite-outs. 

Fe+  ions  may  be  enhanced  or  depleted,  with  molecular  ions  usually 

4 

more  abundant  inside  the  bite-out.  Brinton  et  al .  and  McClure 

5  +  3 

et  al.  have  found  0  depleted  by  as  much  as  a  factor  of  10  to 
Manuscript  submitted  December  1,  1980. 
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a  concentration  below  that  of  NO  .  The  molecular  ion  NO  was 

found  to  be  dominant  in  the  0+  depleted  region,  with  the  bite- 

outs  varying  from  a  few  kilometers  to  tens  of  kilometers  in 

width.  An  analysis  of  the  Atmosphere  Explorer-C  data**  suggested  that 

a  given  chemical  volume  on  the  bottoraside  F-layer  ([NO  ],  [O^]  > 

[0+])  could  move  upward  through  a  stationary  neutral  atmosphere 
and  appear  at  higher  altitudes  as  a  bite-out  in  the  local  plasma 
density.  As  the  bottomside  F-region  plasma  cell  moved  upward, 
the  relative  magnitudes  of  its  ionic  components  would  depend  on 
transit  time  and  on  altitude  through  the  height  distribution  of  the 
neutral  gases.  This  model  was  consistent  with  the  satellite 
observations  as  well  as  the  computational  work  of  Scannapieco 
and  Ossakow^. 

To  further  understand  the  detailed  relationships  involving 
large  scale  plasma  depletions  and  associated  ion-chemical 
signatures,  two  rocket  payloads  instrumented  with  plasma  diagnostics 
complements  (plasma  probes,  electric  field  sensors,  mass 
spectrometer  and  a  four-frequency  beacon  experiment)  were  launched 
into  the  topside  F-region  ionosphere  above  Roi-Namur  in  the 
Kvajalein  Atoll  (4,3°  N  dip  latitude).  We  present  here  the 
results  of  those  operations,  representing  the  first  coordinated 
rocket  measurements  of  electron  density,  temperature  and  ion 
composition  under  conditions  of  equatorial  spread-F. 


II  SPREAD-F  CONDITIONS  AND  ROCKET  RESULTS 


Discussion  of  results  and  focus  on  differences  in  prevailing 
ionospheric  conditions  can  be  achieved  by  an  analysis  of  the 
electron  density  profiles  observed  in  the  two  operations  (PLUMEX  I 
and  II).  These  profiles  are  presented  in  Figure  1  with  specific 
features  and  conditions  of  observation  listed  in  Table  1. 

Spread-F  conditions.  PLUMEX  I  was  conducted  during  the 
late  phase  in  the  development  and  decay  of  Spread-F.  Specifically, 
the  rocket  was  launched  at  0031:30.25  (LT) ,  a  full  3  hrs  after 
the  occurrence  of  full  range  spread  and  only  30  minutes 
before  its  disappearance  from  ground-based  ionograms.  Major 
plume  features  were  relatively  stable  with  respect  to  vertical 
drifts,  and  the  most  intense  regions  of  radar  backscatter 
were  beginning  to  decay. 

The  PLUMEX  II  conditions  were  substantially  different, 
with  the  rocket  having  been  launched  into  the  mid-phase  of 
we  1 1 -deve 1  oped  spread-F,  i.e.,  a  ground-based  ionosonde 
showed  f u 1 1 - f r equency  and  range  spread  while  the  Altair 
radar  maps  of  meter  size  irregularity  contours  displayed 
backscatter  plumes  that  penetrated  to  the  topside  F-layer 
and  continued  rising  with  time.  The  payload  was  launched  1 \ 
hours  after  the  onset  of  full  range  spread  and  an  estimated 
two  hours  before  decay. 

F-region  density  profiles.  By  2100  hr  LT  on  the  night  of  the 
PLUMEX  I  launch,  ionograms  showed  that  the  nominal  bottomside 
of  the  F-layer  had  risen  to  an  altitude  of  400  km.  At  that  point, 
the  F-layer  began  drifting  downward  with  an  almost  immediate 


fpleg  ionospheric  electron  density  profiles  m 
PLUMEX  I  and  II  operations 


TABLE  1 


A  COMPARISON  OF  CONDITIONS  AND  OBSERVATIONS 
IN  THE  DNA/PLUMEX  CAMPAIGN 


PLUMEX  I 

PLUMEX  II 

Launch  Time  (LT) 

17  July  1979;  0031:30.25 

23  July  1979;  2157:30 

Spread-/7 

Conditions 

Late  time;  topside  radar 
plume  in  decay  phase 

Mid-phase  of  well-developed 
spread-/7;  plumes  penetrating 
to  topside  and  rising  with  time 

^2^  max 

375  Km 

510  Km 

/■-bottom 

240  Km 

340  Km 

yymax 

1.3  (106)  cm"3 

~  6(1 05)  cm"3 

L  (Gradient  scale 
length) 

4.0  Km 

8.6  Km 

r. 

1350  (±250)°K 

TBD 

Dominant  Ion 

0+ 

0+ 

Number  of  Depletions 
(A  NJN?  >  .60) 

4 

Only  Bottomside  Spread-/7 

Maximum  Depletion 
(AA,/Af°)max 

0.90 

0.75 

(An  estimate  of  bottomside 
macroscale  structure) 

"In  Situ"  Irregularity 
Strength 

±  80%  fluctuations 
on  bottomside  gradient 

Fluctuation  levels  are  much 
less  intense  than  PLUMEX  I 

Ion  Signatures  in  Holes 

N+/0+  ratio 

None 

Plume  Penetration 
by  Rocket 

Western  "wall"  and 
plume  "head*' 

Eastern  "waif 
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occurrence  of  spread-F.  The  downward  drifting  continued  (as 

did  the  spread-F)  at  an  approximate  average  velocity  of  lOm/sec 

with  the  bottomside  F-layer  having  descended  to  an  altitude  near 

270  km  when  the  rocket  was  launched  (12:31:30  UT  on  day  198; 

00:31:30,  17  July  1979,  LT) . 

In  the  PLUMEX  I  operation,  a  number  of  major  depletions 

(AN£/N°  <  0.90)  were  distributed  throughout  the  F-region  with  the 

F-peak.  ( F „h  )  at  375  Km  and  N  m3X=  1.3  (106)  cm-3  (-  10%).  The 

2  max  e 

very  bottom  of  the  F-layer  (F-bottom)  was  at  240  km  and  the 

macroscopic  gradient  scale  length  L  *=  (N°)  ^  dN°/dz  of 

the  bottomside  ledge  was  4.0  Km.  (The  macroscopic  L  was 

calculated  from  a  zero-order  fit  to  the  bottomside  ledge 
—  2  _ 1  m  a  x 

between  10  and  10  .)  The  electron  energy  distribution 

was  characterized  by  Tg  =  1350  (-250)°K  with  no  obvious  signatures 

of  energy  redistribution  in  and  around  the  depletions. 

On  the  night  of  the  PLUMEX  II  launch,  ionograms  showed 
that  by  2000  hr  LT  the  virtual  height  (h'F)  of  the  F-layer 
had  risen  at  an  average  rate  of  12  meters/sec  to  an  altitude 
of  350  km.  At  that  point  vertical  drifting  ceased  and  shortly 
thereafter  full-range  spread-F  was  observed.  The  virtual  height 
remained  constant  until  2130  hr  LT ,  when  upward  drifting  again 
commenced  at  an  average  rate  of  18  meters/sec.  With  full- 
range  spread-F  still  in  effect  and  with  the  F-layer  still  drifting 
at  an  upward  rate  near  18  meters/sec  the  PLUMEX  II  rocket  was  launched 
(0957:30  UT  on  day  205  ;  2157:30  ,  23  July  1979  ,  LT)  . 

The  PLUMEX  II  data  have  not  yet  been  amenable  to  the 
same  level  of  analysis  already  applied  to  the  first  operation,  a 
result  largely  due  to  the  complications  of  uncontrolled  payload 
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tumble  and  ACS  jet  firings  that  arose  from  a  subsystem 
failure  to  separate  the  science  payload  from  the  second 
stage  rocket  motor.  However,  there  are  a  number  of  conclusions 
that  can  be  drawn  at  this  time.  In  the  upleg  density  profile 
(Fig.  1)  of  the  PLUMEX  II  flight,  F-region  irregularities  were 
observed  only  on  the  bottoinside  gradient,  with  the  F-peak 

m  a  v  ^ 

(F0h  )  at  510  km  and  N  %  6(10  )  cm  .  In  PLUMEX  II 
2  max  e 

the  bottomside  gradient  was  substantially  softer  than  in 
PLUMEX  I  with  F-bottom  at  340  km  and  L  =  8.6  km. 

Ion  composition.  Figure  2  shows  the  altitude  versus 
current  profiles  of  the  mass  spectrometer  aperture  plate 
output  and  the  species  0*,  N+,  0 ^  and  N0+  measured  on 

ascent  on  PLUMEX  I.  (Absolute  total  ion  density  can  be 
scaled  by  comparison  of  aperture  plate  current  with  probe 
current  and  electron  densities  in  Figure  1.  Relative  ion 
densities  can  be  scaled  from  respective  currents  through  the 
relation  1,4  1^  (molecular s )/ I ^  (atomics)  =  (molecular s ) / 
(atomics).)  The  positive  spikes  on  the  aperture  current 
below  250  km  and  the  negative  spikes  at  higher  altitudes  are 
due  to  the  nitrogen  gas  emitted  during  the  firings  of  the 
attitude  control  jets.  The  rocket  penetrated  a  number  of 
"bite-outs"  in  the  F-region,  and  in  no  case  was  there  any 
evidence  of  enhanced  bottomside  ions  (N0+,  0+  or  meteoric 
ions).  The  steep  F-region  ledge  was  created  by  0+  ions 
which  rose  by  more  than  three  orders  of  magnitude  over  a 
space  of  less  than  20  km. 

The  strongest  ionospheric  fluctuations  with  up  to  90% 
depletion  occurred  between  265  and  285  km  (the  bottomside 
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344.7 


Fig.  2  -  Ion  mass  spectrometer  currents  in  the  upleg  trajectory  of 
PLUMEX  I.  The  data  has  not  been  smoothed  to  eliminate  aspect  sen¬ 
sitivities  and  ACS  jet  firings  (e.g.,  spikes  in  data).  Absolute 
densities  and  macroscale  features  can  be  determined  by  correlation 
with  Figure  1,  left  panel. 


depletion  in  Figure  1).  An  expanded  pi.  of  this  region  is 

-f*  +■ 

given  in  Figure  3.  Note  that  the  0  and  N  ions  generally  follow 
the  ionospheric  fluctuations  as  depicted  by  the  aperture  plate 
current  while  N0+  and  0 ^  do  not.  It  can  be  shown  that  the  N0+ 
and  0  +  Lons  have  steady  state  distributions  under  the  prevailing 
ionospheric  conditions. 

Table  2  depicts  the  N0+  and  02  +  chemistry.  Since  the 

recombination  coefficients  (a's)  and  reaction  rates  (k's)  vary 

mainly  with  temperature  which  is  relatively  constant  over 

the  altitude  range  250  to  400  km,  the  N0+  and  02  +  concentrations 

should  be  directly  proportional  to  the  and  0^  concentrations 

respectively,  as  long  as  [0+]  ^  >>[(N0+)  +  (02+)].  The 

molecular  ions  can  achieve  their  steady  state  values  in  a  relatively 

short  time.  An  estimate  of  this  time  may  be  made  by  referring 

to  Figure  3.  Assuming  first  a  zero-order  ionosphere  and  then  the 

immediate  removal  of  90%  of  the  plasma  (the  hole  near  273  km)  causing 

•f  41 

a  90%  depletion  in  0  ,  NC  and  02  ,  the  time  required  for  the 

molecular  ions  to  return  to  their  steady-state  values  from  the 
chemistry  in  Table  2  is  approximately  8-9  minutes.  Note  that  this 
time  is  not  necessarily  the  age  of  the  hole  since  it  could  have  been 
in  steady  state  longer  nor  is  this  time  a  lower  limit  on  the 
hole's  age  because  the  hole  may  not  have  formed  by  an  abrupt 
depletion  mechanism.  However,  the  NO  and  02  distributions  do 
indicate  normal,  relatively  smooth  N2  and  0 2  profiles,  and  this 
suggests  that  neutral  atmospheric  turbulence  is  not  a  major 
source  for  bottom side  ionospheric  plasma  irregularities. 


9 


tig.  j  -  An  expanded  view  or  ion  composition  in  the  highly  turbulent  domain  on 
bottomside  gradient  of  PLUMEX  I.  (This  region  is  shown  as  a  single  "bite-out" 
270  km  in  Figure  1,  left  panel.) 


TABLE  II 


NO*  and  02*  CHEMISTRY 

Production :  0+*N2  NO*  ♦  N  0*+02  ^►02*+  O 
Loss:  NO*+e— *-N+0  02*+e^-0  +  0 

STEADY  STATE  and  [O*]  «  He 

O 

(NO*]s^i  [N2]  [°2+]  =  [°2] 
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The  level  of  N+  in  this  lower  F-region  domain  (Fig.  3)  is 
interesting  itself  since  there  are  no  significant  chemical  sources 
of  N+  at  night  and  N+  is  rapidly  destroyed  in  reactions  with  C^. 

One  might  suspect  appreciable  downward  transport  since  the  life¬ 
times  of  N+  at  250  and  300  km  are  1  and  7  minutes,  respectively. 

There  was  indeed  a  significant  downward  ionospheric  drift  of 
10  meters/sec  as  indicated  by  simultaneous  radar  observations. 

Because  both  chemistry  and  ionospheric  motions  play  equally 
important  roles,  the  N+  distribution  can  only  be  properly 
calculated  with  a  detailed  F-region  chemical- transport  model. 

However,  considering  the  short  lifetime  of  N+  it  is  perhaps  unlikely 
that  the  irregularity  structure  in  Figure  3  is  more  than  tens  of 
minu  t es  old. 

The  N+  distribution  at  higher  altitudes  also  presents  some 

interesting  features  as  shown  in  the  N*"/0+  ratio  versus  altitude 

in  Figure  4.  It  is  seen  that  the  N+/0+  ratio  is  considerably  smaller 

in  the  large  scale  depletions  than  in  the  adjacent  ’’zero-order"  areas. 

■+■  + 

This  fact  and  the  0  and  N  concentrations  suggest  that  the  depletions 
originated  at  or  near  the  bottomside  F-region  where  [0+]  'v  [0+]  hole. 
The  radar  data  revealed  that  the  large  scale  depletion  at 
475-500  km  was  at  nominal  altitude  for  more  than  30  minutes  and 
that  its  upward  rise  velocity  was  essentially  zero.  Further, 
the  radar  measurements  indicated  that  spread-F  occurred  shortly 

after  ionospheric  motion  reversal  from  upward  to  downward  when 
the  F-region  ledge  was  at  much  higher  altitudes.  Thus,  while  it 
is  still  correct  that  the  ion  composition  indicates  that  the 
source  region  of  this  bubble  was  at  or  near  the  F-region  ledge,  this 
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ledge  probably  was  at  much  higher  altitudes  than  250  km 
when  these  bubbles  formed.  The  picture  seems  ti  be  that  the 
bubble  was  generated  at  the  Ledge  and  then  rose  while  the 
ledge  drilled  downward  d u  r  i  n g  the  night. 

1  !'  the  radar  measurements  were  unavailable  and  it  was  presumed 
that  Lhe  ^75-300  km  depletion  originated  near  262  km  where  similar 
concentrations  prevailed,  one  can  calculate  an  upper  limit  of 
the  bubble  vertical  drift  velocity  by  utilizing  the  source 
region  levels  of  NO*  and  0 1 * .  The  molecular  ion  concentrations 
in  the  source  region  are  not  preserved  at  higher  altitudes 
because  of  losses  by  dissociative  recombination  and  a  simul¬ 
taneous  loss  in  production  by  ion -atom  interchange  and  charge 
exchange  reactions  since  ( N  ^  ]  and  [  0 ,?  ]  decrease  markedly  with 
altitude.  The  longer  it  takes  a  bottomside  depletion  to  move 
upward,  the  more  likely  the  elimination  of  molecular  ion 

signatures  when  [  0  )  c  N  >  ( [ N 0 * 1  +  [0*]).  In  the  case  of 

e  z 

the  -4/5-30 0  km  depletion,  a  vertical  transport  time  somewhat 
g  t\iter  than  360  seconds  would  account  for  the  molecular  ion  defic¬ 
iency.  Ibis  estimate  is  based  on  an  instantaneous  displacement 
c  t  the  bottomside  ior.  composition  to  the  475-500  km  range  and  a 
calculation  showing  that  in  about  6  minutes  the  molecular  ion  levels 
would  b e  comparable  to  the  ones  in  the  depletion.  This  time 
estimate  would  then  suggest  an  upper  limit  of  about  600  m/sec 
lor  the  depletion’s  average  vertical  drift  velocity.  However, 
the  radar  measurements  showed  the  bubble  was  essentially  stopped 
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for  some  time,  and  considering  the  short  lifetime  of  N+  at 
the  lower  altitude  region  near  250  km,  it  is  unlikely  that  the 
lower  altitude  N+  levels  could  be  maintained  if  the  source  region 
was  at  this  low  altitude  and  the  bubble  subsequently  rising  to 
about  500  km  even  if  the  upward  drift  velocity  was  600  m/sec. 
Further  the  [N+]  in  the  higher  altitude  hole  is  somewhat  larger 
than  in  the  source  region  where  [0+]  [0+]hole.  Although  the 

0+  in  the  source  region  would  be  preserved  during  the  upward 

traversal  time,  N+  would  not  and  would  certainly  show  a  decay. 
This  all  indicates  that  the  source  region  for  the  475-500  km 
hole  was  indeed  at  the  ledge,  but  when  this  ledge  was  at  much 
higher  altitudes  where  N+  concentrations  could  endure.  The 
ledge  was  probably  in  the  300-350  km  region;  the  exact  altitude 
being  dependent  on  bubble  vertical  velocity. 

Meteoric  species  measured  on  PLUMEX  I  are  shown  in  Figure  5. 
Iron  and  magnesium  ions  were  present  up  to  180  km  with  peak 
concentrations  up  to  about  100  ions/cc.  Meteoric  ions,  mainly 
Mg+,  were  detected  at  much  higher  altitudes  but  only  in 
concentrations  of  5-10  ions/cc. 

The  PLUMEX  II  payload  was  launched  six  days  later  and  about 
hours  earlier  in  the  evening.  Figure  6  shows  the  altitude 
versus  current  ascent  measurements  of  the  aperture  plate  out¬ 
put  and  the  species  0+,  N+,  NO*  and  0  + .  In  this  flight  the 
payload  did  not  separate  from  the  rocket  motor  which  rendered 
the  attitude  control  system  ineffective.  The  vehicle’s  attitude 


ALTITUDE  —  Km 


CURRENT-AMPS 

Fig.  5  -  Observation  of  metallic  ions  on  ascent  of  PLUMEX  I 
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Fig,  6  -  Ion  mass  spectrometer  currents  in  the  upleg  trajectory 
of  PLUMEX  II.  The  data  has  not  been  smoothed  to  eliminate  aspect 
sensitivities  and  ACS  jet  firings  (e.g.,  spikes  in  data).  Absolute 
densities  and  macroscale  features  can  be  determined  by  correlation 
with  Figure  1,  right  panel. 


was  stable  up  to  300  km  above  which  the  angle  of  the  attack 
increased  and  varied  throughout  the  flight,  causing  the 
modulations  in  the  data.  The  smaller  scale  irregularities 
between  350  and  420  km  cannot  be  entirely  explained  by 
vehicle  aspect  modulations  and  are  probably  real  representations 
of  bottomside  spread-F.  This  position  is  supported  by  the  on¬ 
board  plasma  probes. 

The  meteoric  species  measured  on  PLUMEX  II  are  shown  in 
Figure  7.  Significant  concentrations  of  iron  and  magnesium 
ions  are  seen  in  layers  up  to  260  km,  about  80  kilometers 
higher  than  PLUMEX  I.  These  species  were  perhaps  present  at 
higher  altitudes  due  to  earlier  upward  ionospheric  drift  and 
before  the  downward  motion  brought  them  to  lower  altitudes. 

Ill  COMMENTS  AND  CONCLUSIONS 

In  both  PLUMEX  operations  0  was  the  dominant  F-region 
ion  down  to  the  very  bottom  of  the  F-ledge  (F-bottom) .  At 
altitudes  below  F-bottom,  molecular  ions  dominated  with  a 
scale  height  approaching  infinity.  The  connection  of  this 
observation  to  topside  bubbles  and  instability  mechanisms  is 
as  follows : 

The  Rayleigh-Taylor  and  E  x  B  gradient  drift  instabilities, 
which  have  been  proposed  for  bubble  formation,  require  a 
steep  bottomside  gradient.  However,  the  PLUMEX  results  show 
that  the  molecular  ions  are  dominant  only  at  altitudes  below 
the  bottomside  F-region  gradient,  where  scale  heights  are 
very  large  and  inhibit  the  instability  process.  If  the 
bubble  does  indeed  form  on  the  F-region  ledge,  and  if  it 
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transports  only  local  ions  to  higher  altitudes,  then  molecular 
ions  will  never  dominate  topside  depletions-  This  apparent 
dichotomy  has  a  number  of  explanations: 

(a)  Relatively  small  depletions  (i.e.,  AN^/N^  £  0.9) 
originating  on  the  F-ledge  with  initially  small  horizontal 
extent  can  transport  the  local  ion  composition  to  higher 
altitudes  by  the  Ray  1 e ig h-T ay 1 o r  process;  but  molecular  ions 
will  not  be  the  dominant  positive  species.  Instead,  the 
[N+]/[0+]  ratio  will  indicate  the  original  source  domain  as 
suggested  by  McClure  et  al.^  and  demonstrated  in  the  PLUMEX  I 
results . 

(b)  For  molecular  ions  to  be  dominant  in  a  topside  F- 
region  depletion  it  appears  that  one  of  two  mechanisms  must 
apply  : 

(i)  An  initially  small  depletion  (i.e.,  AN  /N°  <  0.9) 

e  e  'V 

of  large  horizontal  scale  size  can  result  in  much  higher 
depletion  levels  (e.g..  References  4-6)  by  fringing  fields 
that  drawup  the  lower  densities  and  molecular  ions  that 
populate  altitude  regimes  lower  than  the  site  of  the  initial 
perturbation.  This  mechanism  has  been  studied  by  Zalesak 
and  Ossakow^  and  appears  in  substantial  agreement  with 
ob  s e r v a  t ions . 

(ii)  An  alternate  mechanism  for  molecular  ion  dominance 

g 

in  topside  depletions  has  been  proposed  by  Chiu  and  Straus  . 
They  suggest  that  plasma  bubbles  in  the  nighttime  equatorial 
ionosphere  originate  as  wind  driven  waves  at  one  of  the 
highly  variable  density  gradients  below  200  km,  rather  than 


at  the  bottomside  F-region  ledge.  Once  the  bubble  is  formed, 

with  the  low  densities  and  molecular  ion  dominance  characterized 

by  the  lower  altitude,  it  can  propagate  into  the  bottomside 

F-region  and  provide  the  initial  perturbation  required  for 

9-11 

the  onset  of  the  Ray le igh-Tay lor  mode 

Current  analyses  of  PLUMEX  ion  composition  results 
support  conclusion  "a"  as  the  operating  principle  on  the 
nights  of  "in  situ"  investigations.  This  does  not  negate 
"b"  and  associated  alternatives  as  candidates  for  other 
conditions,  but  it  does  leave  open  the  question  for  further 
experimental  tests. 

Further  analyses  of  "in  situ"  measurements  conducted  in 
the  Kwajalein  campaign  lead  to  the  following  comments  and 
conclus  ions  : 

The  measurements  clearly  demonstrated  that  not  all 
holes  contain  enhanced  bottomside  molecular  and  metal  ion 
species,  indeed  none  of  the  holes  had  such  signatures. 

The  ion-chemical  results  demonstrated  that  the  N+/0+ 
ratio  can  be  an  important  signature  in  determining  a  depletion’s 
source  region;  indeed  the  N+/0+  ratio  was  used  in  PLUMEX  I 
to  determine  the  altitude  of  the  bottomside  F-region  ledge 
(the  source  domain)  at  the  time  of  depletion  formation. 

Evidence  was  presented  from  the  molecular  ion 
distributions  on  the  bottomside  F-layer  gradient  that  pointed 
toward  a  stable  neutral  atmosphere  in  the  presence  of  strong 
ionospheric  fluctuations.  This  result  suggests  that  neutral 
atmospheric  turbulence  is  not  a  major  source  of  bottomside 
plasma  irregularities. 
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LOS  ALAMOS  SCIENTIFIC  LABORATORY 

P.O.  BOX  1663 

LOS  ALAMOS,  NM  87545 

01CY  ATTN  DOC  CON  FOR  J.  WOLCOTT 

01CY  ATTN  DOC  CON  FOR  R.F.  TASCHEK 

01CY  ATTN  DOC  CON  FOR  E.  JONES 

01CY  ATTN  DOC  CON  FOR  J.  MALIK 

01CY  ATTN  DOC  CON  FOR  R.  JEFFRIES 

01CY  ATTN  DOC  CON  FOR  J.  ZINN 

01CY  ATTN  DOC  CON  FOR  P.  KEATON 

01CY  ATTN  DOC  CON  FOR  0.  WESTERVELT 

01CY  ATTN  DOC  CON  FOR  M.  PONGRATZ 

SAND l A  LABORATORIES 
P.O.  BOX  5800 
ALBUQUERQUE,  NM  87115 

01CY  ATTN  DOC  CON  FOR  J.  MARTIN 

01CY  ATTN  DOC  CON  FOR  W.  BROWN 

01 CY  ATTN  DOC  CON  FOR  A.  THORNBR0UGH 

01 CY  ATTN  DOC  CON  FOR  T.  WRIGHT 

01CY  ATTN  DOC  CON  FOR  D.  DAHLGREN 

01CY  ATTN  DOC  CON  FOR  3141 

01CY  ATTN  DOC  CON  FOR  SPACE  PROJECT  OIV 

SAND  I A  LABORATORIES 
LIVERMORE  LABORATORY 
P.O.  BOX  969 
LIVERMORE,  CA  94550 

01CY  ATTN  DOC  CON  FOR  B.  MURPHY 

01CY  ATTN  DOC  CON  FOR  T.  COOK 

OFFICE  OF  MILITARY  APPLICATION 
DEPARTMENT  OF  ENERGY 
WASHINGTON,  D.C.  20545 

01CY  ATTN  DOC  CON  FOR  0.  GALE 

OTHER  GOVERNMENT 

CENTRAL  INTELLIGENCE  AGENCY 
ATTN  RD/SI,  RM  5G48,  HQ  BLDG 
WASHINGTON,  D.C.  20505 

01CY  ATTN  OS  I/PS  ID  RM  5F  19 


DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANOAROS 
WASHINGTON,  D.C.  20234 

(ALL  CORRES:  ATTN  SEC  OFFICER  FOR) 
01CY  ATTN  R.  MOORE 

DEPARTMENT  OF  TRANSPORTATION 
OFFICE  OF  THE  SECRETARY 
TAD-44.1,  ROOM  10402-B 
400  7TH  STREET,  S.W. 

WASHINGTON,  D.C.  20590 
01CY  ATTN  R.  LEWIS 
01CY  ATTN  R.  DOHEP.TY 

INSTITUTE  FOR  TELECOM  SCIENCES 
NATIONAL  TELECOMMUNICATIONS  &  INCU  ADMIN 
BOULDER,  CO  80303 

01CY  ATTN  A.  JEAN  (UNCLASS  ONLY) 
01CY  ATTN  W.  UTLAUT 
UlCY  ATTN  D.  CROMBIE 
QICY  ATTN  L,  BERRY 

NATIONAL  OCEANIC  &  ATMOSPHERIC  AOMIN 
ENVIRONMENTAL  RESEARCH  LABORATORIES 
DEPARTMENT  OF  COMMERCE 
BOULDER,  CO  80302 

01CY  ATTN  R.  GRUBB 

01CY  ATTN  AERONOMY  LAB  G.  REID 

DEPARTMENT  OF  OEFENSE  CONTRACTORS 

AEROSPACE  CORPORATION 

P.O.  BOX  92957 

LOS  ANGELES,  CA  90009 

01CY  ATTN  I.  GARFUNKEL 
01CY  ATTN  T.  SALMI 
01CY  ATTN  V.  JOSEPHSQN 
01CY  ATTN  S.  BOWER 
01CY  ATTN  N.  STOCKWELL 
01CY  ATTN  0.  OLSEN 
01CY  ATTN  J.  CARTER 
01CY  ATTN  F.  MORSE 
01CY  ATTN  SMFA  FOR  PWW 
01CY  ATTN  J.  FENNEL 
OiCY  ATTN  C.  RICE 
01CY  ATTN  H.  KOONS 

ANALYTICAL  SYSTEMS  ENGINEERING  CORP 
5  OLD  CONCORO  ROAO 
BURLINGTON,  MA  01803 

<M.CY  ATTN  RADIO  SCIENCES 
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BERKELEY  RESEARCH  ASSOCIATES,  INC. 

P.O.  BOX  983 
BERKELEY,  CA  94701 

01CY  ATTN  J.  WORKMAN 

BOEING  COMPANY,  THE 
P.O.  BOX  3707 
SEATTLE,  WA  98124 

01CY  ATTN  G.  KEISTER 
01CY  ATTN  0.  MURRAY 
01CY  ATTN  G.  HALL 
01CY  ATTN  J.  KENNEY 

CALIFORNIA  AT  SAN  DIEGO,  UN IV  OF 
IPAPS,  B-019 
LA  JOLLA,  CA  92093 

01CY  ATTN  HENRY  G.  BOOKER 
01CY  ATTN  E.C.  WHIPPLE 

BROWN  ENGINEERING  COMPANY,  INC. 

CUMMINGS  RESEARCH  PARK 
HUNTSVILLE,  AL  35807 

01CY  ATTN  ROMEO  A.  DELIBERIS 

CHARLES  STARK  DRAPER  LABORATORY,  INC. 

555  TECHNOLOGY  SQUARE 
CAMBRIDGE,  MA  02139 

01CY  ATTN  D.B.  COX 
01CY  ATTN  J.P.  GILMORE 

COMPUTER  SCIENCES  CORPORATION 
6565  ARLINGTON  BLVD 
FALLS  CHURCH,  VA  22046 
01CY  ATTN  H.  BLANK 
01CY  ATTN  JOHN  SPOOR 
01CY  ATTN  C.  NAIL 

COMSAT  LABORATORIES 
LINTHICUM  ROAO 
CLARKSBURG,  MD  20734 
01CY  ATTN  G.  HYDE 

ELECTROSPACE  SYSTEMS,  INC. 

BOX  1359 

RICHARDSON,  TX  75080 

01CY  ATTN  H.  LOGSTON 

01CY  ATTN  SECURITY  (PAUL  PHILLIPS) 

ESL  INCL. 

495  JAVA  DRIVE 
SUNNYVALE,  CA  94086 

01CY  ATTN  J.  ROBERTS 
01CY  ATTN  JAMES  MARSHALL 
01CY  ATTN  C.W.  PRETTIE 


FORO  AEROSPACE  ANO  COMMUNICATIONS  CORP 
3939  FABIAN  WAY 
PALO  ALOT,  CA  94303 

01CY  ATTN  J.T.  MATTINGLEY 

GENERAL  ELECTRIC  COMPANY 
SPACE  DIVISION 
VALLEY  FORGE  SPACE  CENTER 
GODDARD  BLVD  KING  OF  PRUSSIA 
P.O.  BOX  8555 
PHILADELPHIA,  PA  19101 

01CY  ATTN  M.H.  BORTNER  SPACE  SCI  LAB 

GENERAL  ELECTRIC  COMPANY 
P.O.  BOX  1122 
SYRACUSE,  NY  13201 

01CY  ATTN  F.  REIBERT 

GENERAL  ELECTRIC  COMPANY 
TEMPO-CENTER  FOR  ADVANCED  STUDIES 
816  STATE  STREET  (P.O.  DRAWER  QQ) 

SANTA  BARBARA,  CA  93102 
01CY  ATTN  DASIAC 
01CY  ATTN  OON  CHANDLER 
01CY  ATTN  TOM  BARRETT 
01CY  ATTN  TIM  STEPHANS 
01CY  ATTN  WARREN  S.  KNAPP 
01CY  ATTN  WILLIAM  MCNAMARA 
01CY  ATTN  B.  GAMBILL 
01CY  ATTN  MACK  STANTON 

GENERAL  ELECTRIC  TECH  SERVICES  CO.,  INC. 

HMES 

COURT 

SYRACUSE,  NY  13201 

01CY  ATTN  G.  MILLMAN 

GENERAL  RESEARCH  CORPORATION 
SANTA  BARBARA  DIVISION 
P.O.  BOX  6770 
SANTA  BARBARA,  CA  93111 
01CY  ATTN  JOE  ISE  JR 
01CY  ATTN  JOEL  GARBARINO 

GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  ALASKA 
FAIRBANKS,  AK  99701 

(ALL  CLASS  ATTN:  SECURITY  OFFICERS) 
01CY  ATTN  T.N.  OAVIS  (UNCL  ONLY) 

01CY  ATTN  NEAL  BROWN  (UNCL  ONLY) 

01CY  ATTN  TECHNICAL  LIBRARY 
01CY  ATTN  T.  HALL  I NAN 
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GTE  SYLVANIA,  INC. 

ELECTRONICS  SYSTEMS  GRP-EASTERN  DIV 
77  A  STREET 
NEEDHAM,  MA  02194 

01CY  ATTN  MARSHAL  CROSS 

ILLINOIS,  UNIVERSITY  OF 
DEPARTMENT  OF  ELECTRICAL  ENGINEERING 
URBANA,  IL  61803 

01CY  ATTN  K.  YEH 

INSTITUTE  FOR  DEFENSE  ANALYSES 
400  ARMY-NAVY  ORIVE 
ARLINGTON,  VA  22202 

01CY  ATTN  J.M.  AEIN 
01CY  ATTN  HANS  WOLFHARD 
01CY  ATTN  JOEL  BENGSTON 

HSS,  INC. 

2  ALFRED  CIRCLE 
BEDFORD,  MA  01730 

01CY  ATTN  DONALD  HANSEN 

INTL  TEL  &  TELEGRAPH  CORPORATION 
500  WASHINGTON  AVENUE 
NUTLEY,  NJ  07110 

01CY  ATTN  TECHNICAL  LIBRARY 

JAYCOR 

1401  CAMINO  DEL  MAR 
DEL  MAR,  CA  92014 

01CY  ATTN  S.R .  GOLDMAN 

JOHNS  HOPKINS  UNIVERSITY 
APPLIED  PHYSICS  LABORATORY 
JOHNS  HOPKINS  ROAD 
LAUREL,  MD  20810 

01CY  ATTN  DOCUMENT  LIBRARIAN 
01CY  ATTN  THOMAS  POTEMRA 
01CY  ATTN  JOHN  DASSOULAS 

LOCKHEED  MISSILES  &  SPACE  CO  INC 
P.O.  BOX  504 
SUNNYVALE,  CA  94088 

01CY  ATTN  DEPT  60-12 
01CY  ATTN  D.R .  CHURCHILL 

LOCKHEED  MISSILES  AND  SPACE  CO  INC 
3251  HANOVER  STREET 
PALO  ALTO,  CA  94304 

01CY  ATTN  MARTIN  WALT  DEPT  52-10 
01CY  ATTN  RICHARD  G.  JOHNSON  DEPT  52-12 
01CY  ATTN  W.L.  IMHOF  DEPT  52-12 
01CY  ATTN  D.  CAUFMAN 


KAMAN  SCIENCES  CORP 
P.O.  BOX  7463 

COLORADO  SPRINGS,  CO  80933 
01CY  ATTN  T.  MEAGHER 

LINKABIT  CORP 
10453  ROSELLE 
SAN  DIEGO,  CA  92121 

01CY  ATTN  IRWIN  JACOBS 
01CY  ATTN  i.  ROTHMUELLER 

LOWELL  RSCH  FOUNDATION,  UNIVERSITY  OF 
450  AIKEN  STREET 
LOWELL,  MA  01854 

01CY  ATTN  K.  BIBL 
01CY  ATTN  B.  REINISCH 

M.I.T.  LINCOLN  LABORATORY 
P.O.  BOX  73 
LEXINGTON,  MA  02173 

01CY  ATTN  DAVID  M.  TOWLE 
01CY  ATTN  P.  WALDRON 
01CY  ATTN  L.  LOUGHLIN 
01CY  ATTN  D.  CLARK 
01 CY  ATTN  J.  DAVIS 

MARTIN  MARIETTA  CORP 
ORLANDO  DIVISION 
P.O.  BOX  5837 
ORLANDO,  FL  32805 

01CY  ATTN  R.  HEFFNER 

MCDONNELL  DOUGLAS  CORPORATION 
5301  BOLSA  AVENUE 
HUNTINGTON  BEACH,  CA  92647 
01CY  ATTN  N.  HARRIS 
01CY  ATTN  J.  MOULE 
01CY  ATTN  GEORGE  MROZ 
01CY  ATTN  W.  OLSON 
01CY  ATTN  R.W.  HALPRIN 
01CY  ATTN  TECHNICAL  LIBRARY  SERVICES 

MISSION  RESEARCH  CORPORATION 
735  STATE  STREET 
SANTA  BARBARA,  CA  93101 
01CY  ATTN  P.  FISCHER 
01CY  ATTN  W.F.  CREVIER 
01CY  ATTN  STEVEN  L.  GUTSCHE 
01CY  ATTN  D.  SAPPENFIELD 
01CY  ATTN  R.  80GUSCH 
01CY  ATTN  RALPH  K I  LB 
01CY  ATTN  R.  HENDRICK 
01CY  ATTN  DAVE  SOWLE 
01CY  ATTN  F.  FAJEN 
01CY  ATTN  M.  SCHEIBE 
01CY  ATTN  CONRAD  L.  LONGMIRE 
01CY  ATTN  WARREN  A.  SCHLUETER 


MITRE  CORPORATION,  THE 
P.O.  SOX  208 
BEDFORD,  MA  01730 

01CY  ATTN  JOHN  MORGANSTERN 
01CY  ATTN  G.  HARDING 
01CY  ATTN  C.E.  CALLAHAN 

MITRE  CORP 

WESTGATE  RESEARCH  PARK 
1820  DOLLY  MADISON  BLVD 
MCLEAN,  VA  22101 

01CY  ATTN  W.  HALL 
01CY  ATTN  W.  FOSTER 

PACIFIC-SIERRA  RESEARCH  CORP 
1456  CLOVERFIELD  BLVD. 

SANTA  MONICA,  CA  90404 

01CY  ATTN  E.C.  FIELD  JR 

PENNSYLVANIA  STATE  UNIVERSITY 
I0N1SPHERE  RESEARCH  LAB 
318  ELECTRICAL  ENGINEERING  EAST 
UNIVERSITY  PARK,  PA  16802 

(NO  CLASSIFIED  TO  THIS  ADDRESS) 

01CY  ATTN  IONOSPHERIC  RESEARCH  LAB 

PHOTOMETRICS,  INC. 

442  MARRETT  ROAO 
LEXINGTON,  MA  02173 

01CY  ATTN  IRVING  L.  KOFSKY 

PHYSICAL  DYNAMICS  INC. 

P.O.  BOX  3027 
BELLEVUE,  WA  98009 

01CV  ATTN  E.J.  FREMOUW 

PHYSICAL  DYNAMICS  INC. 

P.O.  BOX  1069 
BERKELEY,  CA  94701 

01CY  ATTN  A.  THOMPSON 

R  &  D  ASSOCIATES 

P.O.  BOX  9695 

MARINA  DEL  REY.  CA  90291 

01CY  ATTN  FORREST  GILMORE 
01CY  ATTN  BRYAN  GABBARD 
01CY  ATTN  WILLIAM  B.  WRIGHT  JR. 
01CY  ATTN  WILLIAM  J.  KARZAS 
01CY  ATTN  ROBERT  F.  LELEVIER 
01CY  ATTN  H.  ORY 
01CY  ATTN  C.  MACDONALD 
01CY  ATTN  R.  TURCO 


RAND  CORPORATION,  THE 
1700  MAIN  STREET 
SANTA  MONICA,  CA  90406 

01CY  ATTN  CULLEN  CRAIN 
01CY  ATTN  ED  BEDROZIAN 

RIVERSIDE  RESEARCH  INSTITUTE 
80  WEST  END  AVENUE 
NEW  YORK,  NY  10023 

01CY  ATTN  VINCE  TRAPANI 

SCIENCE  APPLICATION,  INC. 

P.O.  BOX  2351 
LAJOLLA,  CA  92038 

01CY  ATTN  LEWIS  M.  LINSON 
01CY  ATTN  DANIEL  A.  HAMLIN 
01CY  ATTN  D.  SACHS 
01CY  ATTN  E.A.  STRAKER 
01CY  ATTN  CURTUS  A.  SMITH 
01CY  ATTN  JACK  MCDOUGALL 

RAYTHEON  CO. 

528  BOSTON  POST  ROAD 
SUDBURY,  MA  01776 

01CY  ATTN  BARBARA  ADAMS 

SCIENCE  APPLICATIONS,  INC. 
HUNTSVILLE  DIVISION 
2109  W.  CLINTON  AVENUE 
SUITE  700 

HUNTSVILLE,  AL  35805 

01CY  ATTN  DALE  H.  DAVIS 

SCIENCE  APPLICATIONS,  INCORPORATED 
8400  WESTPARK  ORIVE 
MCLEAN,  VA  22101 

01CY  ATTN  J.  COCKAYNE 

SCIENCE  APPLICATIONS,  INC. 

80  MISSION  DRIVE 
PLEASANTON,  CA  94566 
01CY  ATTN  SZ 

SRI  INTERNATIONAL 
333  RAVENSWOOO  AVENUE 
MENLO  PARK,  CA  94025 


01CY 

ATTN 

DONARD  NEIL SON 

01CY 

ATTN 

ALAN  BURNS 

01CY 

ATTN 

G.  SMITH 

01CY 

ATTN 

L.L.  COBB 

01CY 

DAVID  A.  JOHNSON 

01CY 

ATTN 

WALTER  G.  CHESNUT 

01CY 

ATTN 

CHARLES  L.  RINO 

01CY 

ATTN 

WALTER  JAYE 

01CY 

ATTN 

M.  BARON 

01CY 

ATTN 

R.  LIVINGSTON 

01CY  ATTN  RAY  L.  LEADABRAND 
OICY  ATTN  G.  CARPENTER 
01CY  ATTN  G.  PRICE 
OICY  ATTN  J.  PETERSON 
OICY  ATTN  R.  HAKE,  JR. 

OICY  ATTN  V.  GONZALES 
OICY  ATTN  D.  MCDANIEL 
OICY  ATTN  R.  TSUNOOA 

TECHNOLOGY  INTERNATIONAL  CORP 
75  WIGGINS  AVENUE 
BEDFORD,  MA  01730 

OICY  ATTN  W.P.  BOQUIST 


TRW  DEFENSE  &  SPACE  SYS  GROUP 

ONE  SPACE  PARK 

REDONDO  BEACH,  CA  90278 

OICY  ATTN  R.K.  PLEBUCH 
OICY  ATTN  S.  ALTSCHULER 
OICY  ATTN  D.  DEE 

VISIOYNE,  INC. 

19  THIRD  AVENUE 

NORTH  WEST  INDUSTRIAL  PARK 

BURLINGTON,  MA  01802 

OICY  ATTN  CHARLES  HUMPHREY 
OICY  ATTN  J.W.  CARPENTER 
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IONOSPHERIC  MODELING  DISTRIBUTION  LIST 
UNCLASSIFIED  ONLY 


PLEASE  DISTRIBUTE  ONE  COPY  (EXCEPT  WHERE  NOTED 
OTHERWISE)  TO  EACH  OF  THE  FOLLOWING  PEOPLE: 

ADVANCED  RESEARCH  PROJECTS  AGENCY  (ARPA) 
STRATEGIC  TECHNOLOGY  OFFICE 
ARLINGTON,  VA  22217 


COMMANDER 

NAVAL  AIR  SYSTEMS  COMMAND 
DEPARTMENT  OF  THE  NAVY 
WASHINGTON,  D.C.  20360 

DR.  T.  CZUBA 


CAPT  DONALD  M.  LEVINE 

NAVAL  RESEARCH  LABORATORY 
WASHINGTON,  D.C.  20375 


HARVARO  UNIVERSITY 
HARVARD  SQUARE 
CAMBRIDGE,  MASS.  02138 


DR.  R.  MEIER  -  CODE  4141 

DR.  TIMOTHY  COFFEY  -  CODE  4000 

DR.  S.  OSSAKOW  -  CODE  4780 

DR.  J.  GOODMAN  -  CODE  4180 

DR.  E.  SZUSZCZEWICZ  -  CODE  4187  (50  COPIES) 

DIRECTOR  OF  SPACE  AND  ENVIRONMENTAL  LABORATORY 
NOAA 

BOULDER,  CO  80302 

DR.  A.  GLENN  JEAN 
DR.  G.  W.  ADAMS 
DR.  D.  N.  ANDERSON 
DR.  K.  DAVIES 
DR.  R.  F.  DONNELLY 

A.F.  GEOPHYSICS  LABORATORY 
L.  G.  HANSON  FIELD 
BEDFORD,  MA  01731 

DR.  T.  ELKINS 
DR.  W.  SWIDER 
MRS.  R.  SAGALYN 
DR.  J.  M.  FORBES 
OR.  T.  J.  KENESHEA 
DR.  J.  AARONS 
DR.  R.  NARCISI 


DR.  M.  B.  McELROY 
OR.  R.  LINOZEN 

PENNSYLVANIA  STATE  UNIVERSITY 
UNIVERSITY  PARK,  PA  16802 

OR.  J.  S.  NISBET 
DR.  P.  R.  ROWBAUGH 
DR.  D.  E.  BARAN 
DR.  L.  A.  CARPENTER 
DR.  M.  LEE 
OR.  R.  DIVANY 
DR.  P.  BENNETT 
OR.  E.  KLEVANS 

UNIVERSITY  OF  CALIFORNIA,  LOS  ANGELES 
405  HILLGARD  AVENUE 
LOS  ANGELES,  CA  90024 

DR.  R.  STENZEL 
DR.  F.  V.  C0R0N1TI 
DR.  C.  KENNEL 
DR.  W.  GEKELMAN 

UNIVERSITY  OF  CALIFORNIA,  BERKELEY 
BERKELEY,  CA  94720 

DR.  M.  HUDSON 


OFFICE  OF  NAVAL  RESEARCH 
800  NORTH  QUINCY  STREET 
ARLINGTON,  VA  22217 


UTAH  STATE  UNIVERSITY 
4TH  AND  8TH  STREETS 
LOGAN,  UTAH  84322 


U.S.  ARMY  ABERDEEN  RESEARCH  AND  DEVELOPMENT 
CENTER  BALLISTIC  RESEARCH  LABORATORY 
ABERDEEN,  MD  21001 

DR.  J.  HEIMERL 


OR.  P.  M.  BANKS 
DR.  R.  HARRIS 
OR.  V.  PETERSON 
OR.  R.  MEGILL 
OR.  K.  BAKER 
DR.  R.  WILLIAMSON 
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COMMANDER 

U.S.  ARMY  COMM-ELEC  ENGRG  INSTAL  AGY 
FT,  HUACHUCA,  AZ  85613 

OICY  ATTN  CCC-EMEO  GFORGE  LANE 

COMMANDER 

U.S.  ARMY  FOREIGN  SCIENCE  &  TECH  CTR 
220  7TH  STREET,  NE 
CHARLOTTESVILLE,  VA  22901 
OICY  ATTN  DRXST-SD 
OICY  ATTN  R.  JONES 

COMMANDER 

U.S.  ARMY  MATERIAL  DEV  &  READINESS  CMD 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 

OICY  ATTN  DRCLDC  J.A.  BENDER 

COMMANDER 

U.S.  ARMY  NUCLEAR  AND  CHEMICAL  AGENCY 
7500  BACKLICK  ROAD 
BLDG.  2073 

SPRINGFIELD,  VA  22150 
OICY  ATTN  LIBRARY 

DIRECTOR 

U.S.  ARMY  BALLISTIC  RESEARCH  LABS 
ABERDEEN  PROVING  GROUND,  MD  21005 
OICY  ATTN  TECH  LIB  EDWARD  BAICY 

COMMANDER 

U.S.  ARMY  SATCOM  AGENCY 
FT.  MONMOUTH,  NJ  07703 

OICY  ATTN  DOCUMENT  CONTROL 

COMMANDER 

U.S.  ARMY  MISSILE  INTELLIGENCE  AGENCY 
REDSTONE  ARSENAL,  AL  35809 
OICY  ATTN  JIM  GAMBLE 

DIRECTOR 

U.S.  ARMY  TRADOC  SYSTEMS  ANALYSIS  ACTIVITY 
WHITE  SANDS  MISSILE  RANGE,  NM  88002 
OICY  ATTN  ATAA-SA 
OICY  ATTN  TCC/F.  PAYAN  JR. 

OICY  ATTN  ATAA-TAC  LTC.  J.  HESSE 

COMMANDER 

NAVAL  ELECTRONIC  SYSTEMS  COMMAND 
WASHINGTON,  O.C.  20360 

OICY  ATTN  NAVLEX  034  T,  HUGHES 
OICY  ATTN  PME  117 
OICY  ATTN  PME  117-T 
OICY  ATTN  CODE  5011 
OICY  ATTN  PME-106-T 


UNDER  SECY  OF  DEF  FOR  RSCH  &  ENGR. 

DEPARTMENT  OF  DEFENSE 
WASHINGTON,  D.C.  20301 

OICY  ATTN  STRATEGIC  &  ACE  SYSTEMS 
(OS) 

WWMCCS  SYSTEM  ENGINEERING  ORG. 

WASHINGTON,  D.C.  20305 

OICY  ATTN  R.  CRAWFORD 

COMMANDER/DIRECTOR 
ATMOSPHERIC  SCIENCES  LABORATORY 
U.S.  ARMY  ELECTRONICS  COMMAND 
WHITE  SANDS  MISSILE  RANGE,  NM  88002 
OICY  ATTN  DELAS-EO  F.  NILES 

DIRECTOR 

BMD  ADVANCED  TECH  CTR 
HUNTSVILLE  OFFICE 
P.O.  BOX  1500 
HUNTSVILLE,  AL  35807 

OICY  ATTN  ATC-T  MELVIN  T.  CAPPS 
OICY  ATTN  ATC-0  W.  DAVIES 
OICY  ATTN  ATC-R  DON  RUSS 

PROGRAM  MANAGER 
BMD  PROGRAM  OFFICE 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 

OICY  ATTN  DACS-BMT  J.  SHEA 

CHIEF  C-E  SERVICE  DIVISION 
U.S.  ARMY  COMMUNICATIONS  CMD 
PENTAGON  RM.  IB269 
WASHINGTON,  D.C.  20310 

OICY  ATTN  C-E-SERVICES  DIVISION 

COMMANDER 

FRADCOM  TECHNICAL  SUPPORT  ACTIVITY 
DEPARTMENT  OF  THE  ARMY 
FORT  MONMOUTH,  N.J.  07703 

OICY  ATTN  DRSEL-NL-RD  H.  BENNET 
OICY  ATTN  DRSEL-PL-ENV  H.  BOMKE 
OICY  ATTN  J.E.  QUIGELY 

COMMANDER 

HARRY  DIAMOND  LABORATORIES 
DEPARTMENT  OF  THE  ARMY 
2800  POWDER  MILL  ROAD 
ADELPHI,  MD  20783 

(CNWOl-INNER  ENVELOPE:  ATTN:  DELHO-RBH) 
OICY  ATTN  DELHD-TI  M.  WEINER 

OICY  ATTN  DELHD-RB  R.  WILLIAMS 

OICY  ATTN  DELHD-NP  F.  WIMENITZ 

OICY  ATTN  DELHD-NP  C.  MOAZED 
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CORNELL  UNIVERSITY 
ITHACA,  N.Y.  14850 

DR.  W.  E.  SWARTZ 

DR.  R.  SUDAN 

DR.  D.  FARLEY 

DR.  M.  KELLEY 

NASA 

GODDARD  SPACE  FLIGHT  CENTER 
GREENBELT,  MD  20771 

DR.  S.  J.  BAUER/CODE  600 

DR.  R.  HARTEL/CODE  621 

DR.  R.  GOLDBERG/ CODE  912 

DR.  S.  CHANDRA 

DR.  K.  MAEDO 

DR.  R.  BENSON/CODE  621 

PRINCETON  UNIVERSITY 
PLASMA  PHYSICS  LABORATORY 
PRINCETON,  N.J.  08540 

DR.  F.  PERKINS 
DR.  E.  FRIEMAN 

INSTITUTE  FOR  DEFENSE  ANALYSIS 
400  ARMY/NAVY  DRIVE 
ARLINGTON,  VA  22202 

DR.  E.  BAUER 

UNIVERSITY  OF  MARYLAND 
COLLEGE  PARK,  MD  20742 

DR.  K.  PAPADOPOULOS 
DR.  E.  OTT 

UNIVERSITY  OF  PITTSBURGH 
PITTSBURGH,  PA  15213 

DP.  N.  ZABUSKY 
DR.  M.  BIONDI 

DEFENSE  DOCUMENTATION  CENTER 
CAMERON  STATION 
ALEXANDRIA,  VA  22314 

(12  COPIES  IF  OPEN  PUBLICATION 
OTHERWISE  2  COPIES)  12  CY  ATTN  TC 


UNIVERSITY  OF  CALIFORNIA 

LOS  ALAMOS  SCIENTIFIC  LABORATORY 

J-10,  MS-664 

LOS  ALAMOS,  NEW  MEXICO  87545 

DR.  M.  PONGRATZ 
DR.  D.  SIMONS 
DR.  G.  BARASCH 
DR.  L.  DUNCAN 

OFFICE  OF  ASSISTANT  SECRETARY  OF  NAVY 
FOR  RESEARCH,  ENGINEERING  AND  SYSTEMS 
PENTAGON  RM  40745 
Washington,  DC  20350 

03  CY  Attn  Dr.  H.  Rabin 
Deputy  Assistant 
Sec.  of  Navy 
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